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A  new  concept  of  handling  rock  drilling  tools  has  been  designed. 
The  purpose  is  to  provide  a  means  to  drill  a  four-inch  diameter  hole 
1,000  feet  horizontally  in  moderately  hard  and  hard  rock.  The  hole  will 
be  used  to  probe  ahead  of  tunnel  boring  machines  to  sample  for  rock 
conditions  or  hazards  such  as  water  or  gas. 

Equipment  is  being  made  and  assembled  in  Burlingame,  California 
for  a  granite  quarry  test  near  Watsonville  early  in  1972.  A  hollow  spindle 
rotary  drill  or  skids  will  permit  storing  1,000  feet  of  2-3/8  inch  diameter 
flush  CD  drill  rod  in  one  piece  in  a  pipe  on  the  ground  behind  the  drills. 
This  rotates  an  in-hole  percussion  device  for  rapid  drilling  or  a  diamond 
core  barrel  for  sampling. 

A  special  rapid  rod  extractor,  using  powered  opposing  wheels,  has 
been  designed  and  is  being  made. 
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SCMI-ANNUAI.  REPORT 


1.0  SUMMARY 

This  is  the  semi-annual  report  for  Contract  110210037.  This 
onc-ycar  contract  dated  February  2G,  1971  is  for  the  development  of  a 
horizontal  drill  for  probing  ahead  of  a  turn  el-boring  machine  (TBM)  for 
rapid  excavation  underground.  This  contract  is  being  administered  by 
the  U.S.  Bureau  of  Mines  and  is  sponsored  by  ARPA.  It  is  a  cost-plus 
fixed-fee  contract  for  approximately  $59,000  of  which  about  $33,000 
is  for  capital  equipment  or  hardware. 

The  drill  being  developed  under  this  contract  is  for  medium- 
hard  and  hard  roc):  os  opposed  to  those  which  might  be  used  in  soft 
formation  tunnels.  Medium-hard  rock  may  be  defined,  loosely,  as  that 
which  has  a  compressive  strength  of  10,000  to  7.0,000  psi  and  hard  rock 
as  that  in  excess  of  20,000  psi  in  compressive  strength. 

The  purpose  of  the  probe  drill  is  to  forewarn  the  owner  and/or 
tunneling  contractor  of  impending  difficulties  such  as  bad  ground  requiring 
roof  support,  water  inflow,  or  gas.  Such  forewarning  will  permit 
corrective  measures  to  be  taken  in  advance  which  will  lead  to  greater 
economy,  improved  speed  of  tunnel  advance  and  safety  in  underground 
excavation.  Such  a  horizontal  drilling  capability  may  also  be  useful 
in  pre-job  planning  and  estimating. 

The  development  of  TBMs  within  the  last  decade  and  the 
prospects  for  their  future  development  point  toward  a  very  serious  need 
for  advanced  knowledge  of  ground  conditions  which  can  be  provided  by 
probe  drills.  These  TBMs  have  an  existing  potential  for  drilling  200  feet 
of  tunnel  per  day  in  medium-hard  rock  and  in  excess  of  100  feel  per  day 
in  hard  rock.  There  is  some  speculation  that  this  capability  may  be 
advanced  substantially  by  research.  A  probe  drill,  to  be  effective,  must 
be  able  to  drill  faster  than  the  TBM  as  it  may  be  required  to  start  several 
tens  of  feet  in  the  rear  of  the  machine  and  overtake  it.  It  should  then 
be  able  to  drill  faster  than  the  TBM  and  to  project  the  probe  hole  for  a 
distance  of  at  least  throe  or  four  days  in  advance  of  the  machine's  activity. 

Direction  control  for  the  probe  drill  is  going  to  be  very  critical. 

It  must  be  close  enough  to  the  projected  tunnel  to  be  significant  but  should 
not  interfere  with  the  machine. 
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One  of  the  most  serious  problems  in  developing  a  probe  drill 
will  bi  handling  the  drill  rod.  Drill  rod  hondllng  often  consumes  more 
time  than  the  drilling  in  normal  underground  small-hole  horizontal 
drilling. 

It  has  been  decided  that  it  will  not  be  necessary  to  take 
cores  all  the  way,  but  only  on  an  intermittent  basis.  Core  drilling 
is  slower  than  ^omc  forms  of  full-hole  drilling. 

This  study  has  (by  extending  results  of  some  previous  studies) 
evolved  a  method  for  handling  drill  rod  intact  and  stored  on  the  ground. 
The  drill  rod  is  stored  along  the  line  of  the  tunnel  in  the  rear  of  the 
drill  in  a  pipe  or  in  a  previously  drilled  hole,  as  is  illustrated  in 
Figures  1  and  2.  The  drill  rod  can  be  extracted  from  the  hole  very 
rapidly  by  n  rod  extractor  which  has  been  designed  on  this  contract 
and  is  shown  in  Figures  3  and  4.  This  will  withdraw  the  drilling  rod 
from  the  hole,  for  changing  drilling  methods,  at  the  rate  of  180  feet  per 
minute  «r  in  less  than  10  minutes  for  1,000  foot  of  drill  rod. 

The  ground  storage  method  envisioned  also  provides  for  a 
unique  drilling  fluid  circulation  system  as  can  be  seen  in  a  thorough 
analysis  of  Figures  1  and  2.  No  swivel  is  required. 

Equipment  is  being  ordered  for  field  testing  these  concepts 
in  quarries  of  rock  representing  those  types  under  consideration  in  this 
contract.  Delivery  of  most  equipment  is  expected  by  the  end  of  November 
and  this  contract  may  be  completed  by  December  31st,  two  months  ahead 
of  schedyle  and  within  the  original  cost  estimate. 

2.0  TECHNICAL  APPROACH 

Several  drilling  methods  were  considered.  It  was  decided  that 
the  best  way  to  drill  the  specified  rock  types  at  a  satisfactorily  rapid 
rate  was  with  a  down-hole  percussion  drill,  except  during  the  coring  parts 
of  the  cycle.  Diamond  rotary  drills  can  run  down-hole  percussion  drills 
of  small  diameter  and,  of  course,  can  run  the  diamond  core  barrel  at  the 
selected  intervals. 

It  was  decided  that  cores  would  be  taken  in  five-foot  lengths 
every  45  feet.  The  45  feet  of  hole  between  these  five-foot  cored 
segments  would  be  drilled  with  a  3-1/2  inch  diameter  down-hole  per¬ 
cussion  drill  using  a  4  to  4-1/2  inch  diameter  full-hole  bit.  These 
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down-hole  percussion  drills  consume  about  700  cubic  feet  of  air  a 
Minute  neceisef'.atlng  air  compressors  which  will  he  rented  lor  the  tests. 
These  drills  will  drill  medium-hard  rock  at  the  tale  ol  30  to  3S  feet  per 
hour  and  the  hard  rock  at  IS  to  20  feet  per  hour.  These  drilling  rates 
are  about  twice  the  instantaneous  penetration  rates  ol  TILMr.  II 
direction  aiul  rod-handling  problems  are  solved,  they  should  be  able  to 
overtake  and  precede  tin*  boring  machines  satisfactorily. 

Diamond  drills  will  drill  cores  (using  water  circulation)  at 
about  hall  the  penetration  rate  ol  tire  down-hole  percussion  drills. 

Just  to  be  sure  that  wireline  ewe  drilling  is  or  is  not  faster  than  the 
proposed  percussion  drill,  a  test  using  the  wireline  technique  with 
conventional  swivels,  etc.,  will  Ire  tric'd.  Tests  with  other  proven 
drilling  methods  such  as  rolling  cutter  hits  or  turbines  will  Ire  con¬ 
sidered  for  trial.  The  so-called  “exotic"  or  "novel"  drill  lag  techniques 
such  as  thermal  drills  or  high-pressure  water  will  not  be  tried,  but  tire 
drill  set-up  may  lie  made  available  to  Investigators  in  those  Helds. 

3.0  PRINCIPAL  PROULLMS 

The  major  problem  in  the  drilling  test  probably  will  be  in  hole 
direction  control.  It  Is  believed  that  by  using  several  techniques  ol 
wedges  and  stabilizers  that  the  hole  can  be  prevented  from  cither 
drooping  or  climbing.  Reversing  rotation  may  be  the  answer  to  preventing 
excessive  wandering  of  the  bit  to  the  right  or  left.  Contlruous  moni¬ 
toring  may  be  necessary  to  prevent  excessive  hole  deviation  from  either 
mechanical  effects  of  drilling  or  of  dips  or  other  peculiarities  of  the 
rock.  The  holes  will  be  surveyed  using  commercial  surveying  methods 
and  rented  tools  from  such  companies  as  Kastman,  Sperry  Sun,  or 
H.  V.  Kustcr. 

There  is  another  problem  in  the  ground  storage  scheme  and  that 
is  drill  rod  unscrewing  itself  in  rear  of  the  drilling  rig.  In  order  to  have 
drill  pipe  trailing  the  hollow  spindle  drill,  and  not  unscrewing  Itself 
(which  may  also  occur  in  reverse  rotation)  a  resin  will  he  applied  to  the 
threads  which  can  only  be  removed  with  the  application  of  heat  and  torque. 

4.0  DRILLING  ANALYSIS 


TBMs  currently  can  make  maximum  Instantaneous  pcnct.atton 
rates  of  17  feci  per  hour  in  the  medium-strength  rock  (MSR)  and  about 
half  that  fast  in  the  high-strength  rock  (HSR).  Some  of  these  machines 
consistently  make  200  feet  per  day  in  the  MSR  and  perhaps  a  hundred 
feet  per  day  In  the  11SR. 
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A  goal  Hie  teen  eel  for  the  probe  clrltt  to  precede  the  tunnel 
borer  by  four  to  five  days,  this  means  that  ft  should  have  a  depth 
capably  of  at  least  100  to  1  *000  feet  In  MSR  and  of  400  to  500  feet  In 
IlfWt.  Most  of  tte  thill  criteria  used  in  this  study  Has  been  established 
ar  turning  a  1,000  foot  capacity  In  either  type  of  rock. 

Most  TIM  operations  bore  rock  In  three  shifts,  dally,  five 
days  a  week.  They  do  major  maintenance,  Including  changing  cutters, 
on  the  two  non-boring  wet  lend  days. 

four  methods  of  locating  the  pro!*  drill  Have  been  considered. 

They  are: 

A.  wobe  *111  In  the  center  of  the  TIM  so  that 

ns  drillioa  can  proceed  simultaneously  with  that  of  the 
machine.  This  Has  the  advantage  of  making  a  probe  drill 
which  only  Has  to  maintain  an  advance  rate  equal  to  that 
of  the?  TAM.  On  the  other  hand.  It  has  two  very  serious 
overriding  disadvantages  which  role  H  out  as  a  practical 
approach  for  the  near  future.  The  first  of  these  disad¬ 
vantages  Is  that  It  would  require  a  major  redesign  of 
TBMs.  The  second  Is  more  serious  In  that  any  deviation 
by  the  TftM  or  probe  drill,  planned  or  urolanned,  would 
create  Interference  between  the  TBM  head  and  the  probe 
driU  rod. 

Sssul 

iiffijg<ching 

cases  such  Interruption  to  production  would  be  most  un¬ 
desirable. 

C.  Ik  tiling  the  probe  hole  through  a  window  in  the  Jmad  of 

ftejm 

Some  of  this  maintenance  requires  that  the  cutterhead  be 
rotated  a  few  times  so  that  probe  hole  drilling  would  be 
Interrupted,  occasionally.  The  drill  would  need  to  have 
a  ratter  highdrilllng  rate  capacity  to  maintain  Its  lead 
In  the  few  hours  available  to  It  ea  *h  week. 

fjUlHni  iltwlJ-gL 

tte  tunnel,  at  about  1,000  foot  intervals.  These  alcoves 
would  have  to  be  cut.  or  blasted,  just  In  baek  of  the 
machine  on  a  weekend.  See  figures  1  and  2.  They  would* 


In  effect,  tie  a  "shelf"  deep  enough  for  the  hole  not  to 
wander  Into  the  |  ath  of  the  TIJM.  The  ctrll i  would  have 
to  lie  capable  of  drilling  slightly  faster  than  the  TliM. 

It  will  require  very  close  guidance  control.  Cerhapn 
this  guidance  of  the  proU*  holes  Is  beyond  the  current 
state-of-the-art  and  may  become  one  of  the  primary 
goals  of  tills  research.  The  alcove  approach  will  not 
provide  for  tahlng  a  sample  In  the  direct  |iath  of  the  TDM 
hut  it  would  Ik*  dose  enough  for  all  practical  purposes  and 
appears  to  he  (he  best  method  suggested  to  date. 

Using  lire  previous  as  a  guide,  a  criteria  has  been  established  for 
a  drilling  rate  fur  the  probe  drill  to  provide  300  feet  per  24-hour  day  In  MSN 
and  ISO  feet  per  day  in  HSR. 

The  size  of  probe  hole  depends  on  the  availability  and  reliability 
of  tools  and  methods  as  well  as  drilling  rates  and  results.  It  was  assumed 
early  In  the  study  that  It  may  not  Ire  essential  to  have  a  continuous  core 
throughout  the  full  length  of  the  bore  bote.  An  assumption  was  mode  that 
a  five-foot  long  core  every  fifty  feet  would  Ire  adequate.  On  the  other  hand. 
It  recognised  that  any  apparent  change  In  roch  formation.  Indicated  by 
change  In  penetration  rate,  or  changes  In  torque  or  cuttings,  should  signal 
the  need  for  a  core,  even  though  4S  feet  of  open  hole  had  not  been  drilled. 

It  was  recognised  that.  If  diamond  drilling  proved  to  bo  the  best 
method  of  drilling  all  of  the  hole,  core  drilling  could  prove  to  be  the  fastest 
and  cheapest  method  even  though  cotes  were  not  required  all  the  way.  This 
will  be  evaluated  as  a  bach-up  or  substitute  system  using  a  wireline  core 
barrel. 


Determination  of  core  slsc  was  made  on  the  basis  that  some 
laboratory  analyses  might  need  a  core  of  sufficient  diameter  to  cut  at 
least  one-inch  square  cross  section  from  It.  This  Indicated  the  need  for  a 
II  size  core  as  a  minimum. 

There  Is  not  enough  information  available  In  the  literature  on 
drilling  horizontal  holes  of  this  length  in  roch  to  Ire  able  to  calculate 
precisely  the  torque  requirements  or  torque  capacity  of  different  sizes  of 
available  rode.  That  Is  part  of  the  reason  for  the  need  for  the  research 
being  planned.  The  tendency  In  such  a  selection,  which  must  be  made  on 
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is  io  rliwsi*  tlm  largest  t  iuJ  *i*e,  io  toe  "s-afe.* 

and  ilten  kirk  oil  la  a  ^miller  ske  If  tests  show  an  over-design. 

Tills  would  «mII  f«  ftti  "'to*  size  rod  or  lirg*r.  On  the  other  hind, 
tlute  of**  miny  ad  inirtsH  s  io  lipping  nil  loots  used  underground  as 
light  a*  possible  «»ml  Mr  sis*  s  ns  smill  as  oiy  top  safe  end 
prono«Klr.it. 

Results  of  the  bureau  of  tot  tors'  wetfe  were  available  wherein 
tie  y  ImiI  drill**!  rather  deep  3-lneh  diameter  holes  In  roil  with  dra 9 
bus.  Ai  least  one  o'  tit*****  holt  s  went  10  SO)  ten  depth.  h  Is  well 
known  that  dr«g  Mis  In  a  noli  formation.  such  as  coal.  result  in 
greater  torsional  stresses  than  diamond  Mis  or  percussion  drills  In 
hud  rod..  I  -3-casing  was  used  as  drill  tod  toy  the  bureau  and  this  Is 
1.8125  Inch  diameter.  With  this  knowledge*  II  seemed  10  he  a  sale 
calculated  risk  to  use  *T/  else  wireline  drill  rods  which  are  2.25  inch 
0.1).  H  was  recognised  ihii  a  few  rods  of  slightly  iMgcr  or  dilferent 
configurations  Kay  toe  necessary  at  the  lc*w.  id  end  ol  the  rod  system 
(neat  the  toll)  lor  maintaining  hole  direction  and  stability. 

Various  drilling  methods  were  cons  Id  ted  and  evaluated  as 
shown  In  matrices  In  Tigures  %  amt  to.  licet  this,  and  practical  ex¬ 
perience  in  the  field.  It  appeared  that  diamond  drilling  with  water  has 
(he  torsi  chance  of  success  lor  the  coring.  The  fastest  and  hest-rsted 
method  for  full-hole  drilling  between  coring  sequences  Is  the  down¬ 
hole  percussion  drill. 

The  smaller  down-hole  percussion  drills  are  about  3.5  and 
4.5  Inch  diameter  and  each  of  these  drills  a  hole  about  one  inch 
larger  thin  the  tool.  These  will  penetrate  USD  at  15  to  20  feet  per 
hour  and  K15R  at  about  30  feet  per  hour.  Currently  the  choice  appears 
to  be  the  smaller  tool  as  that  hole  size  will  require  200  cfm  to  operate 
the  drill  and  transport  the  cuttings  out.  whereas  the  larger  drill's 
requirements  might  be  doutdo  this.  The  4.5  Inch  hole  made  by  a  3.5  Inch 
tool  should  easily  be  reamed  to  .  tat  diameter  from  the  2.3b  Inch  "B*  core 
hole  and  not  rgnult  In  squeezing  the  percusslua  bit  which  Is  a  common 
cause  of  failure  while  reaming  with  this  type  of  tool  when  they  do  not 
have  enough  shoulder  In  which  to  ream  adequately. 

Some  concern  has  been  expressed  that  lost  circulation  of 
drilling  fluid  may  be  a  problem  In  some  formations.  It  should  be  noticed 
that  tills  problem  Is  a  potential  one.  With  the  drilling  meihod  proposed, 
however,  only  10*  of  the  drilling  will  be  done  with  water.  II  such  a 
problem  does  exist.  It  is  lees  with  the  proposed  system  than  with  any 
system  which  would  use  water  (or  all  of  the  drilling. 
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Air  circulation  (systems  will  be  used  with  90%  of  the  drilling 
which  will  lie  done  by  percussion.  Air  systems  occasionally  are 
troubled  by  lost  circulation,  but  it  is  rare  and  if  conditions  arc  that 
bad.  the  ptobe  drill  won't  he  needed  os  badly  anyway.  In  such  bad 
conditions,  the  tunnelcr  will  be  prepared  for  Implementing  the 
ultimate  in  ground  supped. 

If  lost  circulation  conditions  arc  encountered,  they  may  be 
overcome  liy  mud  additive  tcdtnlqucs  which  are  common  to  the  oil 
well  drilling  industry.  It  is  not  believed  thoy  arc  os  likely  to  be  as 
frequent  a  problem  in  horisontal  drilling  as  they  arc  in  vertical 
drilling  sedimentary  formations  where  many  different  formations  must 
be  intersected. 

It  has  been  suggested  that  a  casing  may  be  required  in  the 
trolling  hole  in  lost  circulation  conditions.  Some  concern  has  been 
expressed  that  this  casing  will  wear  with  the  rod  laying  on  its  bottom 
ami  rotating.  In  tho  condition  where  tho  hole  must  be  eased,  the 
stored  pad  of  this  drill  rod  will  be  rotating  only  in  a  few  hundred  feet 
of  tho  forward  end  of  the  casing.  If  necessary,  the  casing  can  be 
protected  by  toflon  pillow  blocks  or  other  coatings  in  the  pipe  or  on 
the  rod.  It  Is  bolieved  that  a  lubricant  injected  in  the  air  or  water 
would  minimixo  tho  wear  adequately. 

It  appears  that  tho  more  serious  wear  problem  will  be  tho  wear 
of  the  drill  rod  rotating  in  tho  bare  rock  hole  ahead  of  the  drill.  Here 
again,  tho  proposed  drilling  method  will  provide  much  less  wear  to  the 
drill  rod  titan  nearly  any  other  drilling  method  likely  to  be  successful. 
This  is  because  tho  percussion  drill  which  will  do  90%  of  the  work 
requires  a  rotary  speed  of  only  15  to  25  rpm  while  normal  diamond 
rotary  drilling  requires  several  hundred  rpm.  The  only  drilling  method 
requiring  less  rotary  speed  is  the  turbine  or  ln-holo  fluid  motors  and 
these  will  be  tried.  It  is  unlikely  in-hole  motors  will  be  as  fast  as 
percussion  drills  because  they  must  be  used  in  this  application  with 
diamond  bits  which  would  be  essential  as  they  require  low  thrust  and 
they  arc  usually  slower  than  persussion  drills.  This  turbine  or  in-hole 
motor  method  also  results  in  water  circulation  all  the  way  and  their 
maintenance  and  operating  cost  is  very  high. 

5.0  SITE  SELECTION 


Several  geographic  areas  in  the  U.S.  were  examined  as  potential 
field  test  drilling  sites.  The  first  tests  will  be  conducted  in  rock  quarries. 
These  should  be  in  large  active  quarries  where  the  drilling  can  be  in  an 
area  out  of  the  way  of  cunrcnt  production.  The  active  quarry  is  desirable 
because  much  equipment  may  have  to  be  left  for  some  periods  of  time 
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and  its  security  will  be  better  assured  than  in  an  inactive  quarry.  The 
principal  search  for  quarry  sites  evolved  to  the  California  and  Virginia 
areas.  Virginia  had  the  advantages  of  a  greater  variety  of  consistent 
rock,  more  receptive  quarry  owners  and  much  better  labor  and  per  diem 
rates.  California  had  the  advantage  of  better  weather  conditions  and  a 
closer  proximity  to  the  Jacobs'  establishment,  which  will  save  travel 
time.  It  should  be  mentioned  that  there  are  drive-in  underground 
quarries  available  in  West  Virginia  which  would  overcome  the  weather 
objection  to  that  part  of  the  country.  It  has  been  decided  that  the  test 
will  be  run  in  California  unless  there  are  unforeseen  developments. 

For  the  first  test  a  good  hard  rock  quarry  site  has  been  selected 
at  Granite  Stone  Company  near  Watsonville,  California,  which  is  about 
120  miles  south  of  San  Francisco.  This  is  in  a  granite  which  appears 
to  have  a  compressive  strength  in  excess  of  20,000  psi.  There  are 
several  limestone  quarries  in  the  same  area  and  these  are  being  examined 
for  the  medium  rock  tests  to  follow.  An  assembly  area  has  been  chosen 
for  the  equipment  at  the  Person  Western  Company,  1028  Carolan  Avenue, 
Burlingame,  California. 

6.0  EQUIPMENT  SELECTION 

Quotations  have  been  received  from  rotary  diamond  drill 
manufacturers.  A  Sprague  &  Henwood  Model  40-CL  drill,  Figure  7, 
with  hydraulic  drive  has  been  selected  and  ordered.  A  "B"  type 
wireline  drill  rod  has  been  chosen,  based  on  analysis  of  the  problem 
and  the  recommendation  of  several  suppliers.  The  apparent  low  bidder 
for  this  drill  rod  item  is  the  Longyear  Company  and  permission  is  being 
requested  to  place anorder  with  them.  Quotations  for  other  major  items 
of  equipment  including  the  rod  extractor,  ground  storage  drill  pipe, 
water  pump,  and  other  auxiliary  tools  have  been  evaluated.  It  is  hoped 
to  place  orders  for  all  of  the  major  equipment  before  the  end  of 
September.  Delivery  is  being  sought  prior  to  the  end  of  November. 

7.0  INSTRUMENTATION 


This  drilling  device  will  be  completely  instrumented.  An  Airpax 
magnetic  pick-up  will  be  used  as  a  tachometer  and  as  an  instrument  for 
penetration  rate.  These  will  be  tied  into  a  Rustrak  recorder.  See  Figures 
8  and  9.  An  alternate  method  of  recording  penetration  rate  using  a  DC 
transducer,  Figure  10,  is  being  considered. 

An  American  Meter  Company  recorder  will  be  used  to  measure  and 
record  thrust  and  hydraulic  pressure  to  the  rotary  hydraulic  motor  and  the 
mud  system.  This  is  a  three  pen  (different  colored  ink)  wind  up  eight 
hour  12  inch  disc  system  for  pressure  ranges  of  0  to  2000  psi  as  required. 
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See  Figure  11.  A  flow  meter  will  be  used  for  measuring  the  hydraulic 
fluid  volume  into  the  rotary  hydraulic  motor  (Figure  12)  and  another 
similar  system  will  be  used  for  the  drill  mud  volume.  These  volumes 
also  will  be  recorded  on  a  Rustrak  device.  Some  of  this  instrumenta¬ 
tion  has  been  ordered  and  the  balance  should  be  ordered  in  September. 
A  general  arrangement  of  instruments  (less  recorders)  is  shown  in 
Figure  13. 

8.0  FUTURE  PLANS 

Final  analysis  of  the  instrumentation  package  will  be 
completed  during  September. 

During  September  and  October,  final  arrangements  will  be 
made  with  quarries  for  field  testing. 

It  is  absolutely  urgent  that  Phase  II  of  the  contract  covering 
actual  field  tests  be  expedited  as  it  appears  that  Phase  I  will  be 
completed  at  least  two  months  in  advance  of  the  contract  schedule.  In 
order  to  avoid  extra  costs  and  delays,  it  is  very  desirable  that  Phase  II 
plans  be  made  as  soon  as  possible. 

9.0  COSTS 


It  appears  that  the  costs  of  Phase  I  will  be  within  the  original 

estimate. 


Expenditures  for  the  first  six  months,  through  August  31  ,  1971, 
are  tabulated  below: 


Man  Hours 


861 


Fees  Expended  $16,644.82 

Fee  Earned  1,000. 10 


Total  $17,644.92 


Figure  14  illustrates  the  estimated  rate  of  expenditure  versus 
the  actual  rate  and  the  revised  projection  based  on  an  early  completion 
date  of  the  contract. 
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SECTION 


Drill  Method  Selection 


DRII.L  METHOD 

Diamond 

1 

Rolling 

Percussion 

"  f  RflS 

In-hole 

Thermal 

Water 

■g 

Cutter 

Rea- 

Rotary 

In- 

Hole 

■ 

Motor 

Jots 

_ 

PARAMETER 

A-  Thrust  Needs 

100 

80 

1 

SO 

H 

■ 

H 

SO 

100 

100 

B-  Hole  Sir- 

100 

100 

Kfl 

100 

80 

60 

C-  Depth  Capability 

100 

100 

mm 

30 

10 

90 

100 

100 

mi 

D-  Power  Needs 

so 

40 

mm 

30 

30 

40 

30 

30 

so 

SO 

E-  Coring  Ability 

100 

0 

20 

20 

10 

40 

SO 

SO 

0 

0 

r-  Pen.  Rate  HSR** 

70 

60 

70 

90 

100 

100 

80 

80 

80 

40 

G-  Pen. Rate  MSR* 

SO 

SO 

90 

90 

70 

70 

80 

80 

40 

80 

H-  Eqpt.  Compactness 

60 

80 

40 

90 

70 

80 

80 

80 

60 

60 

1-  Skill  Required 

70 

70 

70 

80 

60 

60 

40 

40 

50 

40 

1-  Economics 

80 

70 

9b 

40 

40 

70 

SO 

60 

40 

40 

* 

K-  Direction  Stability 

60 

60 

90 

40 

40 

70 

70 

70 

80 

80 

L-  Safety 

100 

100 

100 

100 

100 

100 

100 

100 

40 

50 

M-  Direction  Control 

60 

60 

80 

50 

50 

60 

90 

90 

80 

80 

N-  Adaptability  to 

Rock  Changes 

90 

90 

100 

100 

90 

100 

80 

80 

SO 

60 

O-  Operation  Delays 

60 

100 

100 

100 

100 

100 

100 

100 

100 

100 

P-  State  of 

Technology 

90 

90 

100 

100 

60 

70 

60 

70 

60 

50 

GRAND  TOTAL 

1260 

1150 

1170 

1110 

940 

1210 

1110 

1160 

960 

980 

Total  Coring  MSR* 

1190 

NA 

1100 

1020 

740 

1110 

1030 

1080 

NA 

NA 

Total  Coring  IISR** 

1210 

NA 

1080 

1020 

870 

1140 

1030 

1080 

NA 

NA 

Total  Full  Hole  MSR* 

1090 

1090 

1080 

1000 

820 

1070 

980 

1020 

880 

940 

Total  Full  Hole  HSR** 

1110 

1100 

1060 

1000 

660 

_ 

1200 

980 

1020 

920 

U 

900 

*  Medium  Strength  Rock 
**  Hard  Strength  Rock 

NOTE:  Rated  0-100  with  100  best 


Figure  5 
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Sprague  &  Henwood  Model  4D-CL  Drill 
Figure  7 
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DESCRIPTION 

Linear  transducers  provide  a  voltage  output 
which  is  linear  with  the  movement  of  a  per¬ 
meable  probe  along  the  instrument  bore.  The 
magnetic  circuit  can  be  provided  as  either  a 
4-wire  differential  tram  former  or  a  3  wire  vari¬ 
able  inductance.  DC-DC  Linear  Transducers 
ara  available,  such  as  the  D1110  with  an  ac¬ 
curacy  of  better  than  .1%.  Displacement  of 
the  probe  creates  an  unbalance  in  the  trans¬ 
ducer  coits,  resulting  in  a  ‘'high  level"  output 
voltage  proportional  to  probe  movement. 

FEATURES 

ACCURACY  •  LtNEARITY  •  AC  OR  DC 
«  RUGGED  LOW  TORCL  REQUIREMENTS 
.  LIGHTWEIGHT  . 

TYPICAL  APPLICATIONS 

Misstle  engine  monitoring  •  measurement  and 
control  •  cam  following  •  checking  bearing 
contour  •  sensing  diaphragm  movement  •  ex- 
tenslometcr  micrometers  «  instrument  trans¬ 
lators  •  breakaway  mechanisms  •  control 


pitch  and  yaw  •  monitor  aircraft  control  sur¬ 
face  actuators  (F-14  &  F  ID)  bellows  move¬ 
ment  •  piston  motion  •  position  sensors 
•  scale  beams  •  meter  movements  •  an¬ 
alytical  balances  •  nuclcar/seismic  motion 
measurement  • 

PHYSICAL  CHARACTERISTICS 
Displacement  Ranges:  0.01  to  50  inches. 
Temperature  Ranges:  -ICO0  to  +  450CF  typ¬ 
ical. 

Shielding:  Magnetic  and  electrostatic. 
Thermal  Coefficient  of  Sensitivity:  0.02%  per 
degree  F  nominal. 

ELECTRICAL  PERFORMANCE  RANGES 
Excitation:  Frequency:  COHz  to  20kHz. 
Excitation  Voltage:  Up  lo  115  VAC. 

Sensitivity:  Up  to  CO  v/v/ inch. 

Linearity  Range:  -  0.1  to  1%. 

Null  Voltage:  0  to  3  mv/v. 

Resolution:  Continuous. 

Repeatability:  0  01%  typical. 

PRICE  RANGE:  575  to  $250. 
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SINGLE  CHANNEL  DC  RECORDER 
MODEL  2C3 

This  versatile  instrument  is  the  basic  recorder  of 
the  Rustrak  product  line.  Available  ranges  arc 
shown  inT.iMc  1  Usable  chan  width:  25't0". 


Alternate  Penetration  Measurement  System 

Figure  10 
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WHAT  THEY  DO.  The--  pro  flow-rate 
indicate:.';  :;nci  switches  that  consistently 
unci  con. ti  rjousiy  monitor  tho  rate  of  flow, 
in  gallons  per  minute  (or  equivalent),  of 
liquids  passing  through  them.  If  the  flow¬ 
rate  varies  or  stops,  the  change  is  i 

immediately  apparent  on  the  indicatot  dial 

(and  signalled,  through  a  switch  mode!). 
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SPECIFICATIONS: 

•  Inkless,  dry  writing,  rectilinear  recording  on 
pressure-sensitive  paper. 

e  Wide  range  af  sensitivities,  writing  and  chart 
speeds.  AC  or  DC  drives  available. 

•  Usable  chart  width  2?|j"  except  Model  391 
(1*  per  channel),  and  Model  3146  (2"). 

•  Quick  easy  chart  review  and  rewind.  Sliding 
access  window. 


•  Custom  scales  available. 

•  F204  Controller  and  FI 37  Two-Point  Time 

Fluid  Volume  Measurement  System 


Figure  12 
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Revised  Projection  of  Dollar  Expenditure 

Finure  14 


